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Abstract 

 Out of 20, 40, 60 and 80 per cent moisture depletion 20% showed significantly higher grain yields, 
biological yield, chlorophyll a, b than the others. However, the highest contribution of stem and leaf dry 
matter remobilization in grain yield were obtained in 80% moisture depletion and 300 kg N/ha and the lowest 
one was found in the 20% moisture depletion and 150 kg N/ha. Nitrogen application increased all traits, 
however there were no significant difference between 250 and 300 kg N/ha. 
 
Introduction 
 In the Mediterranean climate region of Iran, water and nitrogen are the factors that limit the 
grain yield of maize (Zea mays L.). Therefore, to see how restricted irrigation and different 
nitrogen fertilizer affect dry matter remobilization, grain yield, chlorophyll and cartenoid content 
of corn, an experiment was conducted in a semi-arid area in Fars, Iran. Maize is the third most 
important cereal crop in the world after wheat and rice which is frequently subject to 
environmental stress, particularly periods of long-term water shortage (Li 2007 and Mohammadi 
et al. 2012).      
 Drought stress is one of the most important environmental stresses affecting agricultural 
productivity worldwide and can result in considerable yield reductions (Lauer 2003). Drought 
limits plant growth and productivity more than any other environmental factor in the arid and 
semi-arid area. Water stress was found to reduce leaf area; photosynthesis, leaf chlorophyll 
contents and consequently grain yield (Islam et al. 2012). The yield decrease under drought stress 
at the reproductive stage was greater than that at the vegetative and grain filling stages (Fatemi       
et al. 2006 and Khalili et al. 2010) 
 Most maize in developing countries is produced under low N conditions because of low N 
status of tropical soils, low N use efficiency in drought-prone environments, high price ratios 
between fertilizer and grain, limited availability of fertilizer, and low purchasing power of farmers. 
It was suggested that nitrogen affects osmotic regulation, cell wall elasticity, carbohydrate 
metabolism and synthesis of drought-induced signal substances in roots (Amanullah et al. 2009 
and Karimpour et al. 2013)  
 In maize as well as in other cereals, the supply of assimilates to grain during grain filling 
originates from current assimilation transferred directly to kernels and from the remobilization of 
assimilates stored temporarily in vegetative plant parts before anthesis (Ercoli et al. 2008). This 
source diminishes during grain filling due to leaf senescence, which is often fastened by stress 
conditions, while the carbon demand of the growing grain remains high during most of the grain-
filling period (He et al. 2004).  
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 The objectives of this study were to assess the effect of a water deficit on the remobilization 
dry matter stored in stem and leaf plant tissues and its contribution to grain yield during the grain-
filling period and the interaction of water stress and nitrogen in relation to chlorophyll a, b, 
cartenoied content. 
 
Materials and Methods 
 A filed experiment with a hybrid maize (Zea mays L.) variety SC-260 was conducted in 
research field of the Islamic Azad University of Shiraz, Iran in 2012. The climate is semi-arid with 
1350 meters altitude from sea level. The investigation was arranged as split-plot experiment based 
on the randomized complete block design with four replications. Main-plots were assigned to four 
irrigation regimes (MD1:20%, MD2:40%, MD3:60% and MD4:80% moisture depletion) and  sub-
plot  were also  four nitrogen levels; 150, 200, 250 and 300 kg N/ha in forms of urea. Seeds were 
sown on 7 July, 2012 with a four rows planting machine, and were 6 m long and 4.5 m wide, with 
6 rows 0.75 m apart.  
 One third of nitrogen was given at the time of land preparation and remaining was applied as 
top dressing at ZGS-23 and ZGS-60. Irrigation treatments were applied 30 days after planting. 
Drip irrigation system was used in the study. The soil water content measurements were done one 
day before irrigation until harvest in four replications for all treatments by gravimetric sampling in 
0 - 0.30 m as follows: 

   
 where; V = Volume of irrigation water per cubic meter, FC = Per cent moisture content at 
field capacity, θ m = Per cent moisture content before irrigation, Pb  = Soil bulk density grams per 
cubic centimeter, A = Irrigated area per square meter, Droot = Depth of root development according 
to meters, E i = Irrigation efficiency. 
 At silking and grain physiological maturity, leaf and stem were harvested for contribution of 
dry matter remobilization. All plant parts were oven dried at 65°C to constant weight for dry 
weight determination.  
 Contribution of dry matter remobilized to grain (%) = (DM remobilization / grain yield) × 100 
 Chlorophyll a, b and carotenoid of the plant were measured at the fully expanded ear leaves at 
tasseling stage. Three leaves were collected per plant from five plants per treatment. Leaves were 
frozen in liquid N2, stored at –80°C for no longer than 10 days, then freeze dried. Freeze-dried 
tissue (1 g) sample was grinded along with 40 ml acetone 80% (v/v). The resulted green liquid 
was transferred through Whatman paper No. 2. Eventually, the final liquid volume using acetone 
80% was made up to 100 ml. Light densities of chlorophyll extract were measured using 
spectrophotometer at 645, 663 and 452 nm wave lengths. Chlorophyll a, b as mg/g leaf fresh 
weight was calculated according to Dhopte and Manuel, (2002): 
 Mg chlorophyll a = [12.7(D663) – 2.69 (D645)] × V/1000 w 
 Mg chlorophyll b = [22.9(D645) – 4.68(D663)] × V/1000 w 
 where, D, light densities of chlorophyll extract, V, final volume of chlorophyll extract in 
acetone 80% and w is leaf fresh weight as gram.  
 Grain yield values were adjusted to 15.5% moisture content.  
 Data were analyzed by analyses of variance using the general linear model (GLM) procedure 
provided by SAS (2004). When significant differences were found (p = 0.05), the DMRT was 
carried out. 
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Results and Discussion 
 Irrigation treatments significantly affected the grain yield (p < 0.05) (Table 1). Grain yield 
varied from 6533 to 8877.5 kg/ha among the treatments (Fig. 1). The highest average grain yield 
was observed in MD1 treatment as 8877.5 kg/ha and the lowest yield was found in MD4 (80% 
FC) treatment as 6533 kg/ha. The highest and lowest grains yield in consumption of 250 kg N/ha 
was 8877.5 kg/ha and in 150 Kg N/ha was 6533 kg/ha (Fig. 2). Deficit irrigation treatments at the 
highest nitrogen fertilizer treatment increased grain yield to 17% (Table 2). Corn grain yields were 
reported to vary from 3.26 t/ha in dry-treatment to 8.51 t/ha for the full irrigation for sprinkler 
irrigated corn by Boz (2001) in full irrigation treatment for surface irrigated corn in the first and 
second year by Kirda et al. (2005)  and for full irrigation for drip-irrigated corn in the same 
experimental site by Bozkurt et al. (2006).   
 
Table 1. Analysis of variance for moisture depletion and nitrogen fertilizer. 
 

Sources of 
variation 

Grain 
yield 

(kg/ha) 

Biologic 
yield 

(kg/ha) 

PLDMR † 
(%) 

 

PSDMR‡ 
(%) 

Chl. a 
(mg/g/Fw) 

Chl. b 
(mg/g/Fw) 

Carotenoid 
(mg/g/Fw) 

Moisture 
depletion (MD) 

* * * * * * ns 

Nitrogen 
fertilizer (N) 

* * * * * * ns 

MD × N * * * * * * ** 
CV (%) 7.09 7.66 9.02 8.87 15.87 10.24 13.68 

 
†= Partitioning of leaf dry matter remobilization, ‡ = Partitioning of stem dry matter remobilization.  
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Fig. 1. Corn grain yield response to different levels of moisture depletion. 
 

 The highest dry matter yield was observed in MD1 (FC 20%) as 16732 kg/ha and the lowest 
was found in MD4 as 13171 kg/ha (Table 2). Generally, the dry matter production under 20% FC 
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was significantly higher (p < 0.01) than those under the other irrigation treatments. The reason for 
higher dry matter yield in MD1 can be attributed to favorable soil water conditions created in 
MD1 plots, which enhanced the vegetative development. The highest and lowest biomasses 
obtained, respectively at 300 kg N/ha (16732 kg/ha) and 150 kg N/ha (13171 kg/ha). However, 
there was no significant difference between 250 and 300 kg N/ha. Wiebold and Scharf (2006) 
indicated that nitrogen increased yield of dry matter in corn.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Corn grain yield response to different levels of nitrogen fertilizer. 
 
 Increasing in nitrogen fertilizer levels and moisture depletion increased contribution of dry 
matter remobilization from stem and leaf to the grain (Table 2). Interaction effect of moisture 
depletion and nitrogen levels showed that the highest and lowest contribution was observed in 
MD4 × 300 kg N/ha and MD1 × 150 kg N/ha with average of 6.54 and 3.67%, respectively (Table 
2). The extent of stem reserve mobilization during grain filling and the proportion of these 
reserves in final grain mass depend on cultivar attributes, such as source : sink ratio, and are 
strongly influenced by prevailing environmental conditions (Hokmalipour  and Darbandi 2011). 
 Drought stress had significant difference between chlorophyll a and b values (Table 1). Table 
2 shows that increasing in severity of drought decreased chlorophyll synthesis. So that, the highest 
values of chlorophyll a and b obtained at MD1, with an average of 3.768 and 2.127 mg/g fresh 
weight of leaves and the lowest values with an average of 1.341 and 0.108 mg/g in MD4  (Table 
2). Results of Kaman et al. (2011) were similar with the study.  
 Increasing in nitrogen application increased chlorophyll a and b values. The highest values of 
chlorophyll a and b were related to 300 kg N/ha treatment, while the lowest values belonged to the 
application of 150 kg N/ha (Table 2). Sakinejad, (2002) and Karimpour et al. (2014) reported that, 
severe reduction in soil moisture limits nitrogen uptake and this would be resulted to decrease in 
chlorophyll a and b values. (Rashidi 2004, Esmaeilian  and Ghalavi 2014) reported that nitrogen 
limitation reduce the positive effects of increased nitrogen fertilizer when soil moisture is lost. 
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 Results also showed that the effects of different irrigation levels and moisture depletion were 
not significant on carotenoid content (Table 1). But, increasing nitrogen levels increased average 
of carotenoid content (Table 2). The interaction between moisture depletion and nitrogen was 
significant difference (p < 0.01) (Table 1). The highest and lowest values of carotenoid obtained at 
MD1 × N4 and MD4 × N1 treatments, respectively, with an average of 2.100 and 0.902 mg/g 
fresh weight of leaves (Table 2).  
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